A combined cytogeneticurine metabolite analysis approach was used to assess potential interactive effects between Fenarimol (FN), a fungicide, and trichloroethylene (TRI), a halogenated solvent. FN was demonstrated to selectively induce P450-2B1 isoforms in different organs of treated mice. Since the rate of metabolism and the stereospecificity of metabolism are dependent on the types and amount of P450s available, FN might drastically alter the metabolic activation of a precarcinogen, such as TRI, and its toxicological consequences. Male CD1 mice were divided into untreated, vehicle control, and experimental groups. Animals of the latter groups were treated ip with 150 mg/kg bw FN in corn oil, 457 mg/kg bw TRI in corn oil, TRI plus FN separated by different time intervals. Bone marrow cells were harvested for determination of micronuclei (MN) frequencies in polychromatic erythrocytes (PCE). The presence of the known metabolite of TRI, trichloroethanol (TCE), was quantitated in collected urine by gas chromatography using an electron-capture detector. Linear regression analysis shows that MN frequency by TRI is correlated with TCE concentration in urine. Observed potentiation of genotoxicity of TRI by FN pretreatment (1 hr before TRI treatment) apparently reflects changes in the spectra of enzymes involved in TRI metabolism, and altered toxicokinetic, as witnessed by the 20% difference in TCE excretion from combined treated mice. However, no increased genetic or metabolic effects were observed when FN was administered 3 hr before TRI. No significant interactive effects were observed at a genetic level when FN was administered 1 hr and 3 hr after TRI whereas a 33 to 47% loss in TCE excretion was recorded. On the other hand, concomitant exposure to TRI and FN caused decreased TRI metabolic levels and decreased genetic effects by TRI through its metabolites probably due to an inactivation of microsomal enzymes critical for TRI metabolism. However, exposure to combined treatment at any time interval has an overall genotoxicity lower than that calculated by a simple additivity model.-Environ Health Perspect 102 (Suppl 91:31-34 (1994) 
Introduction
The increase in concern over the health hazard associated with the use of multiple pollutants is a growing awareness of the hazard associated with long-term exposure to some of these environmental carcinogens. Concurrent or sequential exposure to several xenobiotics may occur in air, water, and food. A realistic scenario is groundwater contamination related to hazardous waste disposal and agriculture activities.
Pesticides have properties invaluable to modern industrial society; however they can induce a wide array of health effects, ranging from myelotoxicity to cytogenetic changes and carcinogenic effects. This (8) .
Since the rate-limiting step in the overall metabolism of TRI is the step from TRI to chloral hydrate, which is catalyzed by cytochrome P450, changes in TRI metabolism and toxicity produced by FN 
Animals and Treatment
Adult male Swiss albino CD1 mice (30 ± 2 g) were purchased from Nossan (Correzzano, Italy). They were housed in the animal facility which had 12 hr day-night cycles and temperature and humidity controls. Purchased animals were allowed a 1 week acclimation period before beginning treatment.
FN and TRI were dissolved in corn oil immediately before administration to mice ip with a volume of 0.01 ml/g bw treatment.
Groups of five mice were assigned to group as negative control, solvent control, and exposure (457 mg/kg bw TRI and 150 mg/kg bw FN). To investigate the interactive effects between TRI and FN, FN was administered to mice 3 hr and 1 hr before and at 0 hr, 1 hr, and 3 hr after TRI administration. Metabolic study was also conducted with these groups and compared to the group exposed to TRI alone.
Urine Collection and Metabolite Analysis
Different treated groups were housed separately in clean metabolic cages containing food and drinking water. The urine from each group of five mice was collected for 24 hr in glass tubes. The exact volume of urine collected from each group was measured, then every urine sample was centrifuged at 1500 rpm for 10 min. The presence of the known principal metabolite of TRI, TCE, was quantitated in collected urine by gas chromatography using an electron-capture detector (GC-ECD) (9) . TCE was excreted with the urine in the form of its glucuronide and, before gas chromatography determination, it was hydrolyzed enzymatically. Therefore, 0.1 ml of urine was pipetted into glass ampules and brought to a volume of 1.0 ml with distilled water followed by the addition of 1.0 ml acetate buffer (0.5 M, pH 4.5) containing P-glucuronidase. The ampules were allowed to react at 37°C for 18 hr. After cooling, the solution was appropriately diluted with acetone.
Gas chromatography operating conditions for TCE determination were: gas chromatograph 6000 Model Vega (Carlo Erba, Milan, Italy) equipped with a 63Ni electron-capture detector and integrator SP 4270 Model Vega; stainless steel column (30 m length, 0.32 mm diameter); carrier gas: helium (30 m/sec); column: fused silica on RTX 200 (0.5 p); temperature: injection part 240°C, detector 310°C; analysis program: 400C for 6 min, then from 40°C to 150°C (15C/min).
Micronudei (MN) Analysis
Mice were killed 30 hr after treatment for the single-treatment groups and after the first treatment for the combined-treatment groups. In order to study the frequency of MN in mouse bone marrow, the femoral cells were flushed out with FCS; the cellular suspension was added on a column of about 2.0 cm height of cellulose Type 50 and x-cellulose and washed out with HBSS solution with a drop speed of 15 drops/ min, according to Selig et al. (10) .
The cells collected were sedimented by centrifugation (5 min, 1800 rpm) and after resuspension of pellet in FCS prepared on microscopical slides. After air drying, the cells were fixed in methanol for 15 min and then dipped in fresh phosphate buffer (0.66% w/v potassium phosphate monobasic and 0.32 % w/v sodium phosphate dibasic, pH 6.4-6.5). Then they were stained in a solution of Acridine Orange (AO) (12.5 mg AO/100 ml buffer) for 60 sec (11) . The slides were then allowed to stand in buffer for 10 min, mounted using the phosphate buffer, and observed for the presence of MN in polychromatic erythrocytes (PCE). The data were summarized as the mean number of micronucleated PCE for 1000 PCE.
In addition, the ratio between the PCE and normochromatic erythrocytes (NCE)
were also determined.
Statistical Analysis
The data were evaluated by the chi-square test to compare the MN frequency between Table 2) .
From the data of the combined treatments reported in Table 2 , mice treated with FN and 3 hr later with TRI showed an induced frequency of 8.77 MN/1000 PCE similar to the frequency of 9 .00 MN/1000 PCE caused by TRI alone. However, the groups exposed to FN and 1 hr later to TRI, showed a highly significant increase (p<0.01) in the frequency of MN in PCE with respect to TRI-exposed group. Simultaneous exposure to FN and TRI induced a marked decrease (p<0.05) in the MN frequency with respect to TRI exposure, and significantly reduced the PCE/NCE ratio. These results may be due to the toxicity of simultaneous administration of the compounds in mice, which led to a depression of the erythropoiesis. Increasing the interval between TRI and FN from 1 hr to 3 hr led to slight but not significant enhancement effects, the frequencies being from 10.80 to 11.20 Environmental Health Perspectives INFTERACTION BETWEEN TRICHLORETHYLENE AND PESTICIDES MN/ 1000 PCE, respectively. These combined treatments did not affect the PCE/NCE ratio, and their values were comparable to control.
Mice treated with FN showed a significant increase (p<0.01) in MN in PCE over the control (Table 2) . On the other hand the increases after combined treatments with TRI at any time intervals were less than the expected value (MN = 18.2/1000) based on the simple sum of the effects of the individual compounds.
Urine Metabolite Analysis
The principal breakdown product of TRI in urine, TCE, in mice was measured in relation to the different exposures. After the combined treatments, when FN was administered 3 hr before TRI, TCE content did not show any appreciable change with respect to the excretion in urine of mice treated with TRI alone. However, reducing the interval between FN and TRI from 3 to 1 hr, there was an alteration in the excretion of TCE, as witnessed by the 20% difference in TCE quantity (Figure 1 ) recorded in group exposed to combined treatment compared to treatment with TRI alone.
On the other hand, groups treated with TRI first, followed 0, 1, and 3 hr later with FN demonstrated a decrease in TCE quantity, being the 49, 53, and 67% of control (TmJ-alone treated mice), respectively.
Discussion
In addition to genotoxicity assays, biochemical studies are recommended to be used to obtain information that is useful in the evaluation of the mechanism of action of a chemical and risk identification (3) . In fact, changes in the spectra of enzymes involved in carcinogen metabolism may dramatically alter pharmacokinetic and toxicological consequences of a precarcinogen (9) . It is demonstrated that TRI requires metabolic activation in order to express its genotoxic activity in vivo (8) . At least three isoenzymes of P450 appear to be involved in activation of TRI and, in particular, the P450-2B1 linked enzymes and the P450-2E1 class (13) .
Significant changes in the P450-2B1-dependent oxidases were observed after single and repeated treatment with FN from the dose of 150 mg/kg (3) . The timecourse induction following FN showed that the maximum induction with FN was apparent in animals after 72 hr of treatment (three daily injections). This was confirmed by immunochemical analysis (3) . Lower doses of FN did not cause any detectable changes in the activity of P450 species.
Our working hypothesis was that the fungicide FN, by inducing P450 isoenzymes similar to those responsible for TRI metabolism (P450-2B1) may alter the rates of TRI biotransformation and its clastogenic activity in mice. The importance of metabolism in toxic response by TRI was demonstrated by others in rodents pretreated with different inducers (13) (14) (15) .
Our genotoxicity and toxicokinetic studies show that FN can affect the metabolism of TRI. In fact, the relationship between genetic damage by TRI as quantitated by MN frequency, and metabolism of TRI evaluated in terms of urinary excretion of TCE and investigated by comparing the time-response curves, shows that the shape of the curve for MN resembles that for TCE excretion (Figure 1 ). Furthermore, a linear correlation is shown (r = 0.76) between the induction of MN and urinary levels of TCE recorded within 24 hr.
The increased urinary excretion of TCE and the significant increases in MN produced by TRI after 1 hr pretreatment with FN apparently suggest not only that TRI metabolites are necessary for DNA damage to occur, but also that FN can induce biochemical pathways involving the active metabolites of TRI and contribute to the induction of MN by TRI. Similar results were found with phenobarbital, which increased the extent of liver injury (13) and in vivo strand breaks in DNA (9) following exposure to TRI, through its metabolites ethanol (16), 3-methylcholanthrene (14) , and other inducers of the hepatic mixed function oxidase system (13, 15 TRI and other solvents in dry cleaning workers (17) . However, a direct interaction between the clastogenic effects of the two compounds can not be excluded.
Investigation into the genotoxicity of FN are suggestive of clastogenic effects in vivo (3, 18) . The effect of exposure to two agents capable of producing the same genotoxic effect (induction of micronucleated erythrocytes in mice) may lead to additive or synergistic effects. Combined administration of TRI and FN to mice does not result in additive or synergistic effects in induction of genetic damage, but rather to an antagonistic effect. In fact, the observed increases in micronucleated erythrocytes in our time-course study were lower than the expected value based on the summation of the effects of the two toxicants.
In conclusion, this study pointed out that even if FN treatment enhances TRI metabolism towards the production of more genotoxic metabolite(s), the exposure to the mixture of FN and TRI does not increase clastogenesis in vivo. Inductive status has usually been associated with increased mutagenic/carcinogenic risk, even if this view has been demonstrated to be too restrictive (9) . Caution should be exercised, therefore, in making broad generalizations concerning the effects of microsomal enzyme inducers on the toxicity of xenobiotics and the double-edged-sword nature of this phenomenon must be considered case by case.
